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ABSTRACT 
The Flat Pod Rogue in Snap Beans 
(Phaseolus vulgaris L. ) 
by 
Lynn B. Kerr, Doctor of Philosophy 
Utah State University, 1971 
Major Professor : Dr. William F. Campbell 
Department: P lant Science 
Segregation patterns of several pod shapes of Phaseolus vulgaris L. 
cv Tendercrop, were studied. The causes of build-up of off-type pods in 
a seed stock were examined as were possible means of reversing the build-
up. Natural selection factors such as germination, vigor, earliness , and 
ease of threshing, favored the off-types. Careful, selective milling was 
found to be an aid to roguing in keeping stock seed as free as possible of 
the off-type pods. 
(76 pages) 
INTRODUCTION 
A frequent and often serious problem in the production of many vege -
tables is the occurrence of off-type plants, commonly called "rogue, " "sports" 
or "tares." Rogues are not limited to vegetable crops . However, they are 
more of a proble m in vegetables than in other crops because of the ir erratic 
inheritance patterns. They seem to obey no genetic laws , and, therefore, can-
not be segregated out in the purification of a variety. A line that appears too 
unstable is usually discarded in favor of something more dependable. These 
rogues affect the quality of the crop, and, therefore, must be removed or reduced 
to an acceptable minimum . This r equires the time and effort of trained field 
personnel to pull and remove the rogues from the fields so that the seed, sup-
plied to commercial growers, is as genetically pure as possible . This step 
in seed production is absolutely essential to the production of good seed and 
accounts for a significant part of the cos t, averaging perhaps 5 percent of the 
wholesale price of the seed. 
In snap beans (Phaseolus vulgaris L.) one of the most important and 
least studied of these rogues is the flat pod. In most processing varieties the 
normal or crop pod is round or creaseback. The flat pods are narrow, slim 
pods . They have more pod wall fiber and as a result, are tougher. Hence, 
they lower the quality of any commerical pack. The narrow pod of the off-
type will drop through a small sieve a nd is packed with the higher quality 
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normal pods. A seed lot that is perfectly acceptable in all other requirements 
can be rejected if it has too much flat pod type seed. Seed industry and re-
search personnel h~ve agreed that no one variety is free of the flat pod rogues. 
Figure 1 is a picture showing the shape of normal and flat pods. 
The purpose of this study was to determine (a) what (selection) factors 
favor build -up of off-type seed, and (b) if any measurable differences exist 
between the seed from normal pods and from flat pods, and if such differences 
do occur, to study possible me thods of mechanical removal of off-type seed in 
the milling operation. 
Figure 1. A comparative view of fla t and normal pods. Top from left to 
right flat pod-side view, norma l pod-side view (depth), normal 
pod-suture view, flat pod-suture view (width). Bottom-cross 
section cut through the see n of the a bove pods. 
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LITERATURE REVIEW 
Literature relating to investigation of the flat pod bean is very 
limited. However, similar off-types have been investigated in other vegetable 
crops. For example , Lewis (9) reported the appearance of a rogue in the grow-
ing of greenhouse tomatoes in England. This rogue, called "Jack," or "Feather 
Leg" is characterized by the first and second leaf being the same size, while 
the first leaf in a no rmal plant is larger than the second leaf. The rogue also 
has l eaves that appear flatter, smaller, and with fewer segments, and the stem 
has shorter internodes. Frequent abortion of the first inflorescense, a nd free 
side shoot development are a lso common in the rogue plants . The rogue is 
rare in some tomato varieties, while others have as high as 15 percent rogue 
seedlings. A frequency of as high as 50 percent has been recorded. This 
rogue has not been a problem in tomatoes in the United States. Lewis sug-
gested that this was possibly due to the lower degree of self-fertilization in 
field grown tomatoes. 
Lewis (9) further no ted that several pure lines exhibited abnormal 
but stable growth. The rogue occurred in proportions ranging from 1-20 per-
cent for the respective lines. Its frequency seemed to be influenced by the 
following factors: 
A. A high te mperature at germination. There was 1. 4 percent 
rogues at 13° C and 13 percent rogues at 25- 30° C. 
B. Low light intensity and s hort days during germination . 
C. Position of inflorescense from which the seed was obtained . 
Lower percent.agP.s of rogues were obtained from seed of the 
first and second inflorescences than from the third and fourth . 
D. Genetic constitution. 
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The rogues and normal plants behaved similarly on selfing. Both 
gave approxima te ly the same percent of rogues, but the rogues showed more 
varia tion . Rogues crossed with rogue-free lines s howed s uppress ion of the 
rogue character in the F1 , F2 , F3 , and BC 1. When the BC2 was crossed back 
to the rogue parent, the rogue potentia l was restored . Fe males were fou r 
times as e fficient in "normal " as the male . 
The rogue obser ved in tomatoes is s imilar to one found in peas, except 
in peas the rogue is dominant to norm al. An interes ting aspect of pea seed pro-
duction is the fight aga inst "rabbit-ears" (1) . These rogues a r e named for the 
s hape of their leaves, which actually resemble rabbit ears. They generally 
have sparse foliage and small, tight pods. Usually the peas are tough and 
often inedible due to a sharp, bitter flavor. Rabbit-ears are always present 
in certain varieties (such as Hundred Fold , Laxton Superb, and Thomas Laxton), 
and if uncontrolled , they will literally run wild, multiplying rapidly, a nd ruining 
the s tock in a few generations. 
The only e ffective weapons aga inst these rogues are purelining and 
roguing. Purelining means making s ingle plant selections, followed by r ese -
lection and increase under close observation. One might think the controlled 
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increase of seed from a single ideal plant would eliminate these rogues , but 
certain varieties seem to have in their gene tic make -up a tendency to break 
down-to "throw" rabbit-ea r s more markedly than others. 
The rogue in peas , as r eported by Brotherton (4), is not produced 
with any definite r egularity, or in s uch numbers that a characteristic r a tio 
can be established between the rogues and the no rmal form s. Normal plants 
of the variety Grad us are characterized by broad, waxy, e margina te stipules. 
This variety occasionally produces rogues with narrow , fl at, pointed stipules. 
Brotherton (4) reported that primary rogues were produced by muta -
tion of a s ingle factor x to X. They a r e the r efore he terozygous (Xx). These 
give rise in the F 2 to homozygotes (XX) through r ecurrent (mass ) somatic muta-
tion of the x to X. Such recurrent mutations were be lieved to occur because of 
the instability of the combina tion Xx. The normal Gradus plant crossed with 
the Gradus rogue y ielded an unstable F1. The F2 was almost entirely rogues 
(XX). The Grad us type (xx) ve r y rarely appea r ed. The expected 3: l ratio of 
rogues to nonrogues in the F2 and succeeding generations from Xx pla nts was 
disturbed by an excess of X gametes a nd consequently of XX and Xx zygotes . 
Normal inheritance was Mendelian , but it was obscured by somatic mutation 
of xx to Xx. 
In a report of the John Innes Institute (2), studies on the inheritance 
of the rogue character showed tha t 12 of the 26 pea va rieties tes ted produced 
rogues a t an average r ate of 1. 6 percent. 
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A dimorphic plant type was observed in edible pod peas by 
Wellensick (15). Those branches arising from the base of the plant bore con-
stricted pods freP. of parchment, and those arising from the upper portion bore 
smooth pods with parchment in their walls. The top branch bore a constricted 
pod at its base, smooth pods above. Parchment bearing lines were established, 
as were lines similar to the constricted parent type. Wellensick (15) reported 
that the parchment forming rogue was common in ed ible-podded varities, and 
that constant roguing was required. 
Pearson (11) reported two types of rogues in a line of Imperial 456 
lettuce. One was often associated with unfavorable e nvironmental conditions 
and failed to form a desirable hard head. The other was a deeper green, 
usually more vigorous, and varied from partly folded to an erect rosette. 
Three phenotypes were observed on the basis of breeding behavior. 
Type KK was a non-heading, semi-erect rosette with leaves nearly flat, re-
latively narrow, dark green, free of spines, and virogous. Type Kk showed 
a definite heading tendency from simple cupping to a partial fo lding , but never 
a firm head. The leaves were slightly waved with varying degrees of crumpl-
ing or savoying, broad, dark green, and vigorous. Type kk was a typical 456 
plant, and smaller than the rogue plants. Progenies from KK showed no segre-
gation. Segregation of 25 percent normal and 75 percent rogues occurred in 
the Kk type. 
These off-types were always possible in the seed. A marked improve-
ment in quality of seed stock had been noted over previous years, indicating 
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an increased attempt on the part of the seedsmen to produce pure seed. The 
types KK and Kk produced 3-5 times as much seed as did the normal 456 plant. 
Higher fertility, as well as the fact that in the progeny of each rogue occurring 
spontaneously in a seed field will have three rogues to one normal, may explain 
the rapid degeneration in purity of a stock reproduced without proper roguing. 
Several off-types have been noted in beans. Coyne (5) has observed 
a variegated rogue. Crosses of this rogue showed a progeny range of 63 nor-
mal to one variegated in some environments to 15 normal to one variegated in 
other conditions. Somatic instability produced the variegated character due to 
actio n of two genes, one unstable (us) in the presence of the mutation gene (mu) . 
This rogue has been observed in some commercial varieties and in breeding 
lines. It can be e liminated by progeny testing and saving seed only from lines 
that breed true for normal foliage. Because of environmental effec ts, it is 
recommended that breeding lines should be grown under short-day and low-
temperature conditions. 
Coyne (6) reported further that the degree of express ion of the varie-
gation was markedly affected by the temperature level. At 26. 7°C most plants 
were normal with only a few showing slight variegation. At temperatures of 
15 . 5oc and 21. 1°C some plants showed severe symptoms, some slight symp-
toms, and a small number showed no symptoms. 
Smith (14) observed two rogues in commercial dry beans . Speckled 
and white eye rogues were noted in red kidney beans. An occasional black 
seed was found in white seeded varieties. This off-type appeared in about 
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one plant per million. Black seed can eas ily be removed from the white seed. 
This would be a mutation from the recessive white seed to the dominant black. 
A more difficult rogue problem occurs frequently in several varieties 
of bush type snap beans. This rogue, called fl at pod, is characterized by a pod 
that is narrower (across the pod) than it is deep (though the pod sutures). 
Ahnders (1) stated that every bean crop contained at least a trace of 
off-types, mainly reversions to flat or stringy pods, both of which are usually 
s horter and more fibrous than the true variety. The only suitable way to hold 
these rogues to a commercially insignificant leve l is to carry on a continuous 
program of single plant selection. This must, of course, be supplemented by 
field roguing to remove volunteer or other off-type plants. 
Atkin (3) reported that the flat pot rogue was in all round-podded 
varieties of snap beans, a nd that this rogue was due to a single gene mutation 
that occurred at a relatively high frequency and was probably somatic in nature . 
Once the flat pod was in the population, it increased rapid ly due to a definite 
selective advantage . One factor that gives a selective advantage is that flat 
pods are very fibrous in both the green and dry stage, which makes them much 
easier to thresh, resulting in better seed recovery. Atkin further stated that 
differential threshing would alter the proportion of flat-podded plants in a pop-
ulation, but was rather ineffective and probably not feasible commercially. 
Another off-type in snap beans is the "stringy " rogue or ' 'hard point." 
This rogue seems to occur at a reduced frequency in comparison to the flat 
pod rogu e, but it is, nevertheless, an important problem in several varieties. 
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This rogue, as the name implies, is a reversion from the non-string snap 
bean pod to the string pod types. 
Atkin (3) investigated 17 stringy rogues from four different varieties 
and found them to be identical and caused by a s ingle recessive gene. Since 
the rogues were identical to the stringless parental variety in all other observ-
ab le characters, it was postulated by Atk in that the rogue was due to a single 
gene mutation, rather than to chance crossing of the seed in production areas. 
Owens (10) investiga ted the occurrence of an off-type in Butternut 
Squash. His research was reported by Pearson (12) at the 1968 meetings of 
the American Society of Horticultural Science at Davis, California. 
Butternut squash was first introduced on the New England markets by 
Brecks in 1936. This differed from the far older variety Canada Crookneck, 
only in fruit shape, the original type having a long, slender, seedless ''neck," 
with the seed borne in a swollen "bulb," whereas the Butternut neck was short 
and thickened to nearly the same diameter as the bulb. Plant habits were 
identical. The shape differences were caused by the plane of cell divisions, 
i.e. , in the Canada Crookneck type, mitotic spindles were oriented parallel 
to the fruit axis, whereas in Butternut they were oriented at random. The cel-
lular development in relation to shape in squash was class ically described by 
Sinnott (13) and was verified in this material by Owens (10). 
The variety is not stable, reversions to the Crookneck fruit type are 
common, and it has been impossible to secure a strain that is free of this re-
vers ion tendency . A poor stock may have over 25 percent Crooknecks in it . 
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In a good stock of Butternut, about three percent of the plants can be expected 
to be Crookneck, and 0.1 percent can be expected to be dimorphic, --that is, 
they start out as Butternut, but early in their growth change to Crookneck. 
A dimorphic plant behaves as if infected with a virus that affects fruit shape; 
the earliest change is obse r ved on the ma in stem, but ovaries borne on laterals 
arising from the lower portion of the main stem progressively become Crookneck 
as a function of time and position on the plant. It is as if the point of origin of 
the morphological change was about the first pistillate flower on the main stem, 
and that "infection" worked back down the main stem and out the laterals, trans-
forming the ovaries on a time schedule. 
Removal of the growing point above the second node as soon as the 
leaves could be spearatecl reduced the incidence of Crooknecks. High temper-
atures at early stages of growth increased the incidence of dimorphics. 
Attempts to correlate seed size, or sectorial chimeras with the origin of crook-
necks were not effective. No differences in amino acids were found between 
Butternut and Crookneck portions of a dimorphic plant. The same pattern of 
pollen transmission from dimorphic plants as in rabbit-ear peas was demon-
strated; increasing numbers of crooknecks being produced from pollen of later 
form ed flowers. The Crookneck portion of the dimorphic plant eventually be-
comes nearly homozygous Crookneck, and reciprocal crosses with Butternut 
produce nearly a ll Crooknecks in the F 1. From Butternut type segregates 
in the high Crookneck progenies, Butternut types were extracted, that retained 
the tendency to revert at the same frequency as the parent variety. However, 
Butternut phenotypes of a dimorphic plant have been available which when 
outcrossed to Butternut produced varying and unpred ictable gene tic stocks 
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of Butternut . Critical ev icl P.nce on inheritance of either fruit shape has not 
been secured . 
A new Butternut cultivar, which has been named "Waltham Butternut" 
was reported (12) to be free of crooked fruits or dimorphic plants. This line 
was origina ted by Young of the University of Massachusetts , Wa ltham Station. 
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MATERIALS AND METHODS 
Seve nty-eight single plant pod type selections of snap beans 
(Phaseolus vulgaris L. cv. Dark and White Seeded Tendercrop) were made 
in stock seed fields during the 1966 growing season. The normal or crop 
type pod is wider than it is deep, i.e. , through the pod suture (Figure 1). 
Six normal plants were selected, but most selections were off-types. One 
off-type selection was basically round or pencil shaped (16 plants). In the 
bean seed industry this is commonly called a pencil pod, or light pod round. 
Another selection called oval, or off-round (41 plants), was characterized 
by being slightly narrower than it was deep. The final off-type was the flat 
pod (15 plants), which was considerably narrower than it was deep. 
These selections were made by the author, Mr. Thomas P. Kiely, 
and Mr. J esse Durfee of Charter Seed Co. of Twin Falls, Idaho . Selections 
were made at the time the pods were mature enough for canning. The plants 
were tagged and staked for later removal from the field. 
In a few cases, plants were observed that had pods of different types 
on the same plant. These pods were tagged as to type, and were separated at 
harvest according to type. Progeny from seeds of these pods were kept sepa-
rate through subsequent generations. This was done to determine whether or 
not the original pod differences were merely phenotypic differences, or if 
progeny would continue to show the same off-type characteristics . 
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The seed from a ll plants was planted in the greenhouse at Utah 
State Unive r s ity. Six-inch plas tic pots were used with soil (Millville Silt Loam) 
from the Greenville Experiment Farm. When the pods on each plant r eached 
canning ma turity, they were m easured with a vernier caliper. 
All pods with a width measurement greater than the de pth measure -
ment we r e classed as no r ma l. If the width and depth measurements wer e equal, 
they were tagged as round pods. Off-round pods were those that had a narrower 
width than depth , but this difference was 1/32 of an inch or less. \'lhen this 
difference was greater than 1/32 of a n inch, the pods were c lassified as flats. 
Plants were tagged as to pod type. Seed was bulked according to pod type a nd 
origina l parent plant selection. This seed was planted in the greenhouse , and 
the above procedure was repeated . 
1n 1967, the greenhouse-produced seed was planted in the field a t the 
Charter Seed Co. trial grounds in Twin Falls, Idaho . Germination was r eco rded 
on the basis of the number of plants that reached ma turity compared with the 
number of seeds tha t were planted . The pods were measured in the same manner 
as in the greenhouse, and the number of pla nts of each type in each plot was 
r ecorded . All plants were harves ted, and the pods were r emoved the same day. 
The pods were counted, and the percent of the pods that were dry was determined. 
Exce pt for a few plots, seed was then bulked according to pod type and varie ty 
(seed color). Those lots no t bulked were planted in the greenhouses in Davis, 
California, in the fa ll of 1967. 
Plantings were m ade in three greenhouse sections. Different te mpera-
ture conditions were set up in each section. Section one was kept a t approximately 
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24°C, and, therefore, was rather ideal for bean growth. The second section 
was kept a bove 16°C, which de layed pod maturity 3-4 days in comparison to 
the warmer section. The third section was heateil only enough to keep plants 
from freezing, above 2°C. Pod measurements were made to see if these 
temperature conditions had any influence on the number of off-types. The lots 
us ed for this test were selected because they had bred true for the particular 
pod type for three generations. Seed from these same lots was planted in the 
Charter Seed Co. greenhouse in the summer of 1968. Plants were subjected 
to temperatures as high as 60°C. On most days the temperatures were in 
excess of 43°C. This again was done to see if high tempera tures would affect 
the subsequent pod types. 
The bulked seed from the 1967 production was divided by means of a 
Boerner sampler to obtain six samples of approximately 100 seeds from each 
of the pod type and seed color combinations . These samples were then counted 
to obtain replications of exactly 100 seeds. The number of beans in the round 
and off-round categories was not sufficient to obtain six samples. In some 
pod type seed color combinations it was necessary to use the entire amount 
of available seed. 
The samples of flat and normal seed in both dark and white seed 
were weighed and measured. Weights were taken to see if off-types could be 
separated on this basis. The m easurements were made with a vernier caliper 
with meas ureme nt increments of 1/128 of an inch. Length, width, and depth 
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measurements were made to determine if separations could be made on the 
basis of seed size and shape. 
These same samples, in the amounts and combinations available, 
were used in the 1968 field planting. These plots were planted for a second 
year of emergence and yield data similar to the 1967 data. Due to maturity 
difference observed for the various types in 1967, emergence readings were 
made over a period of several days to observe differences in rate of germina-
tion. 
To determine whether or not screening can be used to apply selective 
pressure against the rogue, blends of seed from flat and normal pods were 
m ade in both cultivars. The seed of normal pods were dyed dark green, and 
that from flat pods was dyed dark red. The blend was made so that 5 percent 
by weight of the blend was flat-podded seed. These blends were then divided into 
four replications by means of a Boerner sa mpler, and adjusted to be of equa l 
weight. 
The eight samples (four replicates of each of two cultivars ) were 
then milled on a clipper M2B seed mill (A. T. Ferrell Co. , Saginaw, Michigan). 
The screen sizes used were 14/64 x 3/4, 14 1/2/64 x 3/4, and 15/64 x 3/4. 
After each milling over one of the above screens, the weight of flat and normal 
seed was recorded, and the seed was remixed within the replication for mill-
ing with the next screen size. In the milling over the 14 1/264 x 3/4 screen, 
data were recorded by weight a nd by number of seeds to compare the two 
measurements, whereas weight was the only measurement used in the other 
two screen sizes. 
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RESULTS AND DISCUSSION 
Ana lysis of variance for the weight in grams of one hundred seed 
for both White Seeded and Dark Seeded Tendercrop beans is s hown in Tables 
1 and 2. In both varie ties there was no s ignificant difference in the weight of 
seed from normal a nd fla t pods. It was hoped tha t a partia l elimina tion of off-
1ype seed would be possible in the milling operation . If a diffe r ence in weight 
did exist then this separation would be possible on a gravity deck. However, 
if this is the case in all varieties, the n no separation is possible on a we ight 
basis. 
One hundred s eeds were measured, and the analys is of variance and 
mean comparisons for various measurements, i. e . , depth, width, length, a nd 
the difference be tween depth and width are given in Tables 3 to 12. Width 
measurements were s ignificant for dark-seeded beans but not for the white 
ones (Tables 3 and 8). In Dark Seeded Tendercro p seed, depth is highly signifi-
cant, and it is s ignificant in White Seeded Tende rcrop (Tables 4 and 9). Analy-
sis of variance for seed length for both cultivars is s hown in Ta bles 5 and 10. 
Seed length is significant in White Seeded Tendercrop, but not in the dark 
seeded strain. These differ ences present the poss ibility of removing some off-
type seed by screens. 
The difference be tween de pth and width, as shown in Table s 6 and 11, 
is highly significant in both cultivars. Currently there is no machine that can 
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Tabl e 1. Analysis of variance for the weight in grams of 100 seeds each of 
normal, off-round, and flat podded White Seeded Tendercrop 
Source Degrees 
of of Mean 
Variation Freedom Squares F 
Pod type 2 1. 585 2. 30N.S. 
Error 15 . 688 
Total 17 
Table 2. Ana lysis of variance for the weight in grams of 100 seeds each of 
normal , off-round, and flat podded Dar k Seeded Tendercrop 
Source Degrees 
of of Mean 
Varia tion Freedom Squares F 
Pod type 2 .955 1. 937 N. S. 
Error 15 . 493 
Total 17 
Table 3 . Analysis of variance for seed width of 100 seeds each of normal 
and flat-podded Dar!' Seeded Tendercrop 
Source 
of 
Variance 
Treatment 
Error 
Total 
Degrees 
of 
Freedom 
10 
11 
** One percent significant level 
Mean 
Squares 
2.80 
.031 
F 
90.32** 
Table 4. Analysis of variance for seed depth of 100 seeds each of normal 
and flat-podded Dark Seeded Tendercrop 
Source Degrees 
of of 
Variation Freedom 
Treatment 
Error 10 
Total 11 
** One percent significant level 
Mean 
Squares 
6.41 
. 053 
F 
120. 94** 
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Table 5. Analysis of variance for seed length of 100 seeds each of no rmal 
and flat-podded Dark Seeded Tendercrop 
Source 
of 
Variation 
Treatment 
Error 
Total 
Degrees 
of 
Freedom 
10 
11 
Mean 
Squares 
. 51 
. 369 
F 
1. 38 N. S . 
Table 6. Analys is of variance for the difference between seed depth and width 
of no r mal and fl a t-podded Dark Seeded Tendercrop 
Source Degrees 
of of Mean 
Va riation Freedom Squares F 
Treatme nt 17 .47 371.70** 
Error 10 . 047 
Total 11 
** One percent s ignificant level 
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Table 7. Comparison of means for length, width, depth, and the differe nce 
between depth a nd width of normal a nd flat-podded Dark Seeded 
Tendercrop 
Pod 
Type Length Width Depth Depth-Width 
Flat 62. 28 N. S. 26.28** 31. 51** 5.22** 
Normal 62.78 N. S. 27.25 30.05 2.80 
**One percent significant level 
Table 8. Analysis of variance for seed width of 100 seeds of normal and flat-
podded White Seeded Tendercrop 
Source Degrees 
of of Mean 
Variation Freedom Squares F 
Treatment . 40 3.51N.S. 
Error 10 . 114 
Total 11 
Table 9. Analysis of variance for seed depth of 100 seeds each of normal 
and flat-podded White Seeded Tendercrop 
Source 
of 
Variation 
Treatment 
Error 
Degrees 
of 
Freedom 
10 
Total 11 
Mean 
Squares 
1. 57 
. 316 
F 
4. 97 * 
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Table 10. Analysis of varia nce for seed length of 100 seeds each of normal 
and flat-podded White Seeded Tendercrop 
Source Degrees 
of of Mean 
Variation Freedom Squares F 
Treatment 2. 91 5. 06 * 
Error 10 . 575 
Total 11 
* Five percent sign ificant level 
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Table 11. Analysis of va riance for the diffe nce betwee n seed depth and width 
of 100 seeds each of normal and flat-podd ed White Seeded 
Tendercrop 
Source Degrees 
of of Mean 
Variation Fre edom Squares F 
Treatment 3.65 66.36** 
Error 10 . 055 
Total 11 
** One pe rcent significant level 
Table 12. Compa rison of means for depth, width, le ngth, and the difference 
between depth and width of norma l and fl a t - podded White Se eded 
Tendercrop (unit of measure = 1/ 128 in . ) 
Pod 
Type Length Width Depth Depth-Width 
Flat 59 . 77 * 26 .22 N. S. 29.73* 3.50** 
Normal 60 .75 26.59 N. S. 29. 00 2.42 
* Five percent significant level 
** One pe rcent significant level 
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utilize this difference to separate seed types . Tables 7 and 12 compare the 
means for all measurements within each seed co lor . Tables 13 and 14 show 
the value of screening in changing the percent of off-type seed. A 15/ 64 x 3/ 4 
s lot screen reduced the percent of fla t pod seed in White Seeded Tendercrop 
from 5 percent to 2. 15 percent, but would save only 9. 89 percent of the total 
sample. Therefore, for every 100 lbs . of seed milled, less than 10 lbs. 
would be ava ilable for planting. The lot, however, would have less than half 
as many flat-podded seeds as the original material. This same screen used 
on Dark Seeded Tendercrop wou ld reduce the flat-podded seeds to 1. 65 per-
cent while saving 9. 75 percent of the total sample. 
Probably the screen of most value is the 14 1/2/64 x 3/4. This 
screen reduced the flat pod seed from 5 percent to 3 . 28 percent in the White 
Seeded strain and to 2. 36 percent in the Dark Seeded Tendercrop. Over 27 
percent and 31 percent of the total samples were saved for use in the respective 
strains. 
The 14/ 64 x 3/ 4 screen raised the percent of flat pod seed in the white 
seed by . 46 percent and reduced it in the dark seed by . 51 percent. Table 15 
is the ana lysis of the above data and the percent of flat pod seed retained by 
each screen was significantly different. 
Based on the above r esults a system was devised to try se lective 
screening of these cultivars. Off-type and normal plants were identified and 
tagged in the field in 1969 . These plants were removed when fully ma ture and 
the seed size determined. The differences in seed size in all three cultivars 
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Table 13. Effect of milling on the percent of fl at-podded seed in a sample 
of White Seeded Tendercrop 
Sc reen Percent by Percent of Percent by Perce nt of 
Size We ight in Sample by Number of Sample by 
Grams of Weight in Fla t-podded Number in 
Fla t-podded Grams in seeds Each Scree n 
Seed Each Size Means Size 
Means* Grade Means 
Means 
15 2. 15a 9. 89 
14 1/2 3.28a 27.77 3.13 22.97 
14 5.46b 74.68 
*Means followed by the same s ubscript a re not significantly different at the 
five percent significant l evel, according to Duncan's multiple range test 
Table 14. Effect of milling on the percent of flat-podded seed in a sample 
of Da rk Seeded Tendercrop 
Screen Percent by Pe r cent of Percent of Percent of 
Size We ight in Sample by Number of Sample by 
Grams of Weight in Flat-podded Number in 
Flat-podded Grams in Seed Each Screen 
Seed Each Size Means Size 
Means * Grade Mea ns 
Means 
15 1. 65a 9.75 
14 1/2 2.36a 31. 22 2.33 27. 11 
14 4 . 49b 78. 08 
*Means followed by the same s ubscript a re not significantly different at the 
five percent significant leve l, according to Duncan's multiple range test 
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Table 15. Analys is of var iance for the percent of fl a t podded seed held by 
each of three screen sizes 
Source 
of 
Variation 
Screen Size 
Variety 
Error 
Total 
df 
2 
20 
23 
**One percent significant level 
ss ms F 
48.32 24. 16 19.87** 
1. 83 1. 83 1. 50 N. S. 
24.33 1. 216 
74. 48 
Table 16 . Analysis of varia nce of seed color a nd pod type for fi e ld e mergence 
in 1967 
Source 
of 
Varation 
Seed Color 
Degrees 
of 
Freedom 
Pod TYPe 3 
S.C. x P. TYPe 3 
Error 111 
Total ll8 
**One percent significant leve l 
Mean 
Square s F 
23628.85 33.80** 
1241.74 1.76 N.S. 
1376.20 1. 97 N. S. 
699. 17 
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were greater than those reported above. Screens were used that would re-
move one-third to one - half of the seed. The good seed and a row of milled-
out portion was planted in 1970 . The improvement was greater in all three 
cultivars than had been expected. Considerably more than one-half of the 
off-types were removed by this process. Subsequent roguing was faster and 
easier. 
Screening could be used to a id roguing in the clean-up of a lot to be 
used for stock seed . The need to discard such a large percentage of the lot 
would limit this heavy screening to clean-up of stock seed only. Screening 
should be used to assist the roguing program and not to replace it. 
Figures 2 through and including 12 s how the pod types in three gen-
erations of progeny from single selected plants. The original pod type is 
that of the parent plant. 1n each case , except Figure 12, this consists of 
one pod type. ln Figure 12, three pod types were found on the same plant 
and resulting pod types are shown for each original type. The types of pods 
that were observed in subsequent generations indicate that at leas t some of 
the pods on this plant were able to consistently produce off-type progeny, 
while other pods continued to produce normal or crop types . 
ln many cases the round and off-round types s how heavy segregation 
and often for all pod types. This supports Atkin's theory that these types are 
heterozygotes and also points out the need for removing these intermediate 
types in the roguing operations . This is practiced by s ome companies, while 
others remove only the flat pod type. 
Normally the rogue occurs in the direction of the flat pod, but in 
some cases a fla t to normal change was noted. Specific instances o f this 
can be seen in Figures 3, 4, and 6. 
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While some plants such as plant number 72 (Figure 12), showed a 
very high tendency to throw off-types , other plants went three genera tions 
without any off-types (Figure 7). These plants a lso had no off-type pods in 
the 1968 and 1969 field planting. The progeny of these plants is still being 
kept separate and observed to see how long they will grow before producing 
off-types. In view of the action of these plants, one wonders if it would be 
possible to select a large number of normal plants, grow them in progeny 
rows for two or three years, and bulk only those that do not show any off-
type pods during that time. Could a s tra in of any given variety be developed 
that would ha ve a low or r educed som ati c mutation rate? With a repeated 
selection program on problem var ieties, they could perhaps be improved . 
The cost and time involved in s uch a program would limit this type of varietal 
improve ment to a few of the mos t important varie ties that a company produces. 
Analysis of variance for the 1967 e mergence data is shown in Table 
16. Difference in emergence of the da rk-seeded beans (66 . 8 percent) was 
significant at the one percent level compared to the white-seeded ones (38 . 0 
percent) (Figure 13). While it is not the purpose of this study to point out 
the difference in white and dark strains, it is of inte rest and will continue to 
be indicated. Tendercrop was not thought to be as different in seed color as 
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many cultivars a re, and yet results here indicated considerable differences, 
at least in seedling emergence. 
Figure 14 is the bar graph comparison of pod type means. A dif-
ference of 16. 59 percent emergence is not significant. However, the tendency 
was for the off-types to have emergence advantage. Variation in the number 
of plants involved in these percentages may account for the lack of significance. 
These data point out still anothe r reason for rapid build -up of off-types in a 
seed lot. 
Analysis of variance for the percent dry, mature pods at harvest is 
shown in Table 17. Figures 15 and 16 show the mean comparisons for pod type 
and seed color. Again seed color is highly significant, with nearly 25 percent 
more dry pods in the dark-seeded beans. Pod type was not significant, but 
fhe advantage is still in favor of the off-type seed. Since this is a measure of 
maturity, these data indicate that off-type pods are a little earlier. If so, 
when they are canned they will be poorer quality on the basis of maturity 
alone. 
Analysis of variance for this factor in 1968 is found in Table 18. 
Seed coat color was significant and pod type was highly significant. Figure 16 
compares graphically the seed color means, with the dark seed showing earli-
ness. The pod type mean comparison is Table 19. 1n this case all the off-types 
had significantly higher percentages of mature pods on the day of harvest than 
did the normal type. The s ignificance for dry seed at harvest is the same as 
that of the dry pods (Table 20). Mean comparisons for seed color and pod type 
are found in Figures 16 and Table 21, respective ly. 
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Table 17. Analysis of variance of seed color, pod type and their interaction 
for the percent of dry, mature pods at harvest in 1967 
Source Degrees 
of of Mean 
Variation Freedom Squares F 
Seed Color 1 6900 . 06 16 . 19** 
Pod Type 3 944 . 92 2.22N. S. 
S.C. X P. Type 3 239.47 . 56 N. S. 
Error 112 426. 21 
Total 119 
** One percent s ignificant level 
Table 18. Analysis of variance of seed color, pod type and thei r in teraction 
for the percent of dry, mature pods at harvest in 1968 
Source 
of 
Variation 
Seed Color 
Pod Type 
S.C. x P. Type 
Error 
Total 
Degrees 
of 
Freedom 
3 
3 
81 
89 
* Five percent signi ficant level 
**One percent significant level 
Means 
Squares 
972. 13 
1283.30 
97.89 
173. 19 
5.61* 
7.41** 
. 565 N. S. 
Table 19. Comparison of pod type means for the percent of dry, m ature 
pods a t harvest in 1968 
Treatment Mean* 
Flat Pods 89. 95a 
Off-round Pods 92.05a 
Round Pods 96. 16a 
Crop Pods 77.47b 
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*Means followed by the same subscript are not significantly different a t the 
one percent significa nt level, according to Duncan 's multiple range test 
Table 20. Analysis of variance of seed color, pod type and their interaction 
for the percent of dry seed at harvest in 1968 
Source 
of 
Variation 
Seed Color 
Pod Type 
Degrees 
of 
Freedom 
3 
Mean 
Squares F 
1005.20 6. 26* 
1474 . 95 9.18** 
S, C. X P. Type 3 255 . 16 1.59 N.S. 
E rror 81 
Total 89 
* Five percent significant level 
**One percent significant le vel 
160.69 
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Table 21. Pod type mean comparisons for the percent of dry seed at har-
vest in 1968 
Treatment Mean* 
Flat Pods 91. 48b 
Off-round Pods 93.39ab 
Round Pods 96. 16a 
Crop Pods 77 . 48c 
*Means followed by the same subscript are not significantly differe nt at the 
one percent significant level, accord ing to Duncan's multiple range test 
Table 22. Analysis of variance of seed color, pod type and their interaction 
for the average number of seeds per dry, mature pods in 1967 
Source 
of 
Variation 
Seed Color 
Pod Type 
S.C. X P. Type 
Error 
Total 
Degrees 
of 
Freedom 
3 
3 
112 
119 
*Five percent significant level 
Mean 
Squares F 
4.46 5. 98* 
. 63 . 83 N.S. 
1. 15 1. 54 N.S. 
. 745 
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The pictures in Figure 17 and 18 s how the difference in ma turity of 
normal- a nd flat-podded plants. Figure 15 is a graphic comparison of the 
percent of dry, mature pods, and the percent of dry beans at harves t, as in-
fluenced by pod type in both 1967 and 1968. In both years Dark Seeded Tender-
crop was earlier than the White Seeded strain. Off-types also showed more 
m a ture pods in both years , and this difference was highly significant in 1968. 
Since this factor is a measure of maturity, these data indicate tha t the off-
types are a little earlier. If so, they will be olde r when harvested for canning 
then the norm al types and, ther e fore , of poorer quality on the basis of maturity 
a lone. This is a nothe r r eason, in addition to those mentioned previously , why 
the canners find the off-types objectionable. Ear lier maturity, when combined 
with the higher pod wall fiber content, a lso would aid in higher recovery of 
ott-type seed at threshing. Tables 22 and 23 are the analysis of variance for 
the number of seeds per pod and the number of pods per plant in 1967. Tables 
24 and 25 analyze these same yield components in 1968. The da rk-seeded 
strain had significantly more seeds per pod but fewer pods per plant both years. 
Pod type s howed no significa nt differences e ither year. On the ba sis of these 
r esults any increase in the percent of off-types in a seed lot will have to depend 
on factors other than per plant yield. 
Figure 19 is the graphic comparison of the number of pods per plant 
a nd the numbe r of beans per pod as influenced by pod type. As mentioned above , 
the re were no significant differences. Tbe off-types had more pods per plant 
than did the nor mal type, but the flat pod and off-round rogues had fewe r beans 
per pod . Figure 16 s hows the effect of seed color on severa l plant and yield 
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Table 23 . Analysis of variance of seed color, pod types a nd the ir interaction 
for the average number of pods per plant in 1967 
Source 
of 
Variation 
Seed Color 
Pod Type 
S.C . x P. Type 
Error 
Total 
Degrees 
of 
Freedom 
3 
3 
112 
119 
Mean 
Squares F 
426.58 1.74N.S. 
114. 28 .47 N. S. 
3.68 .01 N.S. 
245.51 
Table 24. Analysis of variance of seed color, pod type and the ir interaction 
for the average number of pods per plant in 1968 
Source 
of 
Variation 
Seed Color 
Pod Type 
S.C. x P. Type 
Error 
Total 
Degrees 
of 
Freedom 
3 
3 
81 
88 
Mean 
Squares F 
. 079 . 003 N. S . 
11. 57 . 37 N. S. 
11. 13 .36 N.S . 
31.29 
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Table 25. Analysis of variance of seed color, pod type and their interaction 
for the average number of beans per pod in 1968 
Source 
of 
Variation 
Seed Color 
Pod Type 
S.C . X P. Type 
Error 
Total 
Degrees 
of 
Freedom 
3 
3 
81 
88 
**One percent significant level 
Mean 
Squares F 
2.27 7. 09 ** 
. 065 . 20 N. S. 
. 179 . 56 N. S. 
.32 
Table 26 . Comparison of seed co lor means by date for emergence and per-
cent stand at harvest following a June planting in 1968 
Means* by Date in Percent Emerged 
Treatment 6/ 11 6/ 13 6/15 6/ 17 6/19 6/21 
Percent 
Stand 
at 
Harvest 
W.S. Tendercrop 33.89a 46.44a 56.56a 69.50a 72.78a 73.89a 38.61a 
D. S. Tendercrop 35. 28a 54. OOa 68. 44n 86. 33b 89. 50b 90. 17b 51. OOb 
*Means under each date, followed by the same subscript are not significantly 
diffe rent at the one percent significa nt level 
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characteristics in 1967 and and 1968. The fact that the white-seeded strain 
had more pods per plant and fewer beans per pod would be very acceptable 
to the processor. The maturity advantage, however, is with the dark-seeded 
strain. 
Table 26 compares the emergence means by date for seed color in 
1968. On the third day that emergence counts were made, the dark-seeded 
strains were significantly higher , and they remained so throughout the rest 
of the season. This seems to be generally true in all cultivars where dark-
and white-seeded strains exist. The dark-seeded strain usually shows better 
emergence and increased vigor. 
Emergence means by date for pod type are listed in Table 27. The 
crop (normal) and off-round types eventually emerged significantly better 
than did the flat pods, but there was no significant difference in the stand per-
centage at harvest. The be tter emergence of the crop types is the reverse of 
the results of 1967 when seed from fl at pods germinated best . In 1967 the 
beans were planted in cooler weather, and a week of cold rains followed. By 
contrast, in 1968 germination conditions were ideal. When t.he seed was planted 
the weather was warm, and adequate moisture was present in the soil . Rains 
didn't come until the beans were emerging. This may explain the difference 
in emergence results. If the flat pod type has better survival ability under 
stress, it would then be expected to do better under adverse conditions than 
would the normal types. These results support this theory. 
The percent of emergence of bean seeds in 1968 as influenced by 
seed coat color a nd pod type is s hown in Figures 20 and 21. 
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Tables 28 though 34 are the analysis of variance for emergence on 
the dates June 11 to June 21 and the percent stand at the time of harvest. 
Tables 32 and 33 show significance for the interaction of pod type and seed 
color in addition to the significance a lready discussed for each variable by 
itself. Tables 35 and 36 compare the means for this interaction on June 19 
a nd J une 21. On both dates the dark-seeded strain in all pod types had s ignif-
icantly higher emergence than the white-seeded ones . 1n the white seed the flat type 
was lower in e mergence than e ithe r the off-round or normal types. 
Plants were grown under several greenhouse temperature regimes . 
No change of pod types was observed in the greenhouses with temperatures of 
16 to 29°C. Even plants grown under extre mely cool conditions where ma turity 
was delayed six weeks produced only pods of the same type as the parent plants. 
Under extremely warm (often higher than 43°C) conditions only pods true to 
the parent types were produced. At no time were any plants observed in the 
greenhouse that had more than one pod type on a plant. ln the third generation 
one plant was found in the fie ld that had one lower branch with flat pods, and 
the res t of the plant had normal pods. The two pod types were planted sepa-
rate ly in 1968, a nd all plants from flat pod seed produced flat pods, while 
those from normal pod seed produced only norma l pods . 
Foley (7) investigated the effect of so lar radiation on vegetable crops 
in Ida ho . He stated that plants tha t had exposed growing points, such as snap 
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Table 27 . Comparison of pod type means by date for emergence and per-
cent stand at harvest following a June planting in 1968 
Means* by Date in Percent Emerged Percent 
Treatment 6/ 11 6/ 13 6/ 15 6/ 17 6/ 19 6/ 21 Stand at 
Harvest 
Flat Pods 38.67a 53. 83a 63.00a 74. 25a 76.75a 77.92a 41. OOa 
Off-round Pods 36.00a 49.42a 62. 17a 79.58a 82 . 17b 82.92b 43.92a 
Crop Pods 29 . 08a 47.42a 62.33a 79. 92a 84.50b 85 . 25b 49.50a 
*Means, under each date, followed by the same subscript are not significantly 
different at the five percent significant level (Duncan's multiple range test) 
Table 28 . 
Source 
of 
Variation 
Seed Color 
Pod Type 
Analysis of variance of seed color, pod type and their interaction 
for emergence on June 11, 1968 
Degrees 
of 
Freedom 
2 
Mean 
Squares 
17.36 
293.58 
F 
. 10 N.S. 
1.72N.S. 
S.C. X P . Type 2 207.69 1. 22 N. S. 
Error 30 170.69 
Total 35 
Table 29. 
Source 
of 
Variation 
Seed Color 
Pod Type 
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Analysis of variance of seed color, pod type and the ir interac tion 
for erne rgence on June 13, 1968 
Degrees 
of 
Freedom 
2 
Mean 
Squares 
513.78 
129.36 
F 
2. 64 N. S. 
. 67 N. S. 
S.C. x P. Type 2 24.86 1. 28 N. S. 
Error 30 194. 28 
Total 35 
Table 30. Analys is of variance of seed color, pod type and their interaction 
for e mergence on June 15, 1968 
Source 
of 
Variation 
Seed Color 
Pod Type 
S.C. x P. Type 
Error 
Total 
Degrees 
of 
Freedom 
2 
2 
30 
35 
**One percent significant level 
Mean 
Squares F 
1272. 11 10.99** 
2.33 . 02 N.S. 
8.78 . 08 N.S. 
115.70 
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Table 31. Analysis of variance of seed color, pod type and their interaction 
for e mergence on June 17, 1968 
Source Degrees 
of of Mean 
Va riation Freedom Squares F 
Seed Color 2550.25 67. 15** 
Pod Type 2 121. 33 3. 19 N. S. 
S.C. x P. Type 2 57 . 33 1. 51 N.S . 
Error 30 37 . 98 
Total 35 
**One percent significant level 
Table 32. Analysis of variance of seed color, pod type and their interaction 
for emergence on June 19, 1968 
Source 
of 
Variation 
Seed Color 
Pod Ty pe 
S.C. x P. Type 
Error 
Total 
Degrees 
of 
Freedom 
2 
2 
30 
35 
** One percent significant level 
* Two percent significant level 
Mean 
Squares F 
2516. 19 67 . 47** 
189.69 5.09* 
151. 69 4. 07* 
37.30 
Table 33. 
Source 
of 
Variation 
Seed Color 
Pod Type 
Analysis of 1ariance of seed color, pod type and their inter-
action for emergence on June 21, 1968 
Degrees 
of 
Freedom 
2 
Mean 
Squares 
2384 .69 
168.44 
F 
63 . 03** 
4.47* 
S.C. x P. Type 2 149.78 3. 98* 
Error 30 
Total 35 
**One percent significant level 
* Five percent significant level 
37.67 
Table 34. Analysis of variance of seed color, pod type and their inter-
action for the percent stand at harvest in 1968 
Source 
of 
Variation 
Seed Color 
Degrees 
of 
Freedom 
Mean 
Squares F 
1381. 36 11. 67** 
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Pod Type 2 223. 86 1. 89 N. S. 
S.C . x P. Type 2 45.03 . 38 N.S. 
Error 30 118. 36 
Total 35 
**One pereenl signifcant level 
Table 35. Comparison of emergence means for the pod type x seed color 
interaction for June 19 , 1968 
Treatment Mean* 
Dark Seeded Tendercrop off-round 90. 16a 
Dark Seeded Tendercrop crop 89.50a 
Dark Seeded Tendercrop flat 88.83a 
White Seeded Tendercrop crop 79.50b 
White Seeded Tendercrop off-round 73 . 83b 
White Seeded Tendercrop flat 64. 67c 
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*Means followed by the same subscript are not significantly different at the 
five percent significant level, accord ing to Duncan's multiple range test 
Table 36. Comparison of emergence means for the pod type x seed color 
interaction for June 21, 1968 
Treatment Mean* 
Dark Seeded Tendercrop off-round 90. 50a 
Dark Seeded Tendercrop crop 90.07a 
Dark Seeded Tendercrop flat 89 . 83a 
White Seeded Tendercrop crop 80. 83b 
White Seeded Tendercrop off-round 75.33b 
White Seeded Tendercrop flat 66.00c 
*Means followed by the same subscript are not significantly different at the 
five percent significant level, according to Duncan's multiple range test 
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beans, grew slowly and unevenly in their early s tages. However, when in-
dividual plants gained sufficient size that their growing points were covered 
by leaves, growth became more rapid . Shading of such plants resulted in 
increased growth, based on fresh weight, over the unshaded control plants. 
He further stated that the diffe ring responses of the plants with pro-
tected growing points and those with unprotected growing points indicate that 
high light intensity probably had a destructive or inactivating action on the 
plant growth substance. In another study, Foley (8) a ttributed these results 
to the effect of ultra viole t light . This light could be a possible cause of the 
somatic mutation. This could eas ily explain the mutation of the entire plant, 
a single branc h, or only a pod or two . This wave length of light would be ex-
cluded by the glass of the greenhouse, and this could possibly explain why a 
mutation of any part of the plant was not observed, in spite of close observation 
of several thousand plants in the greenhouse . 
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CONCLUSION 
Several plants have been observed with more than one pod type. Pod 
types of subsequent progeny usually developed the type of the original parent 
pod, and this continued through several generations. The fact that these off-
types from dimo r phus plants were able to reproduce their own type supports 
the theory that many flat-podded rogues originate through somatic mutation. It 
would a l so be possible for cross ing to occur in the fi eld between normal and 
off-type plants. However, due to the usually s mall percentage of off-types 
in the population and the normally s mall percentage of outcrossing (probably 
less than two percent) in snap beans, thi s would be expected to account for 
very few off-type plants. 
The tendency for the high fiber flat pod to thresh easier than the 
normal pod has been known in the s eed indus try fo r some time. This a lone 
will account for some increase in the percentage of off-type seed in a seed 
lot. This study has pointed out that the o ff-types also are s lightly earlier 
than the normal plants. Since most s nap bean seed is threshed while still on 
the tough s ide , the pods from off-type plants s hould be drie r, and this will aid 
in easier threshing. Normally the drier seed will sustain more mechanical 
injury in threshing. However, the ease of threshing would permit this seed 
to be qu ickly removed from the cylinder and return e levators. Therefore , 
the off-type seed in any given s eed lot could possibly be better germinating, 
more vi gorous seed . 
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Better emergence of off-types under stress conditions would indicate 
increased need for roguing whenever these conditions occur. 
There also seems to be a slight tende ncy for the off-types to out 
yield the normal pod type. While this te ndency is not significant, it s till 
seems to be a slight advantage for the off-types. 
Natural selection favors the build-up of off-types in seed stock. It 
is abso lutely necessary to apply selection pressure against the off-types by 
roguing, possibly by selective milling on small lots, and use of the best stock 
availa ble for purelining m aterial. Roguing must be done for all inte rmediate 
off-types and not just for the fla t pods. 
With the samples involved in this study, milling to very clos e tol-
erances was effective in reducing the percent of off-type seed. The elimination 
of half of the flat pod seed would be a very significant aid to field roguing. 
Even with the reduction of 60 to 90 percent of the good seed, it would still be 
possible a t the trial ground stock seed purification level and seed production. 
Often as little as 50 lbs. of seed of a variety is planted for extensive roguing. 
It may be necessary to mill 200 to 300 lbs. of seed to obtain 50 lbs . with half 
a s many off-type seeds. This would mean that only half as many plants would 
need to be removed from the field to clean up the variety. 
In order for milling to be e ffec tive, it will probably be necessary 
to identify the objectionable off-type in a production fie ld during the growing 
season. These plants would need to be tagged, staked, and a llowed to rna tu re. 
They could then be pulled, prio r to harves t of the rest of the field, and the 
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seed s ize compared to seed from normal plants. This would a id in selecting 
the proper screen for the most effective milling. Due to the influence of en-
vironment on seed s ize, this process would probably have to be repeated each 
time a variety needed improvement . 
The use of a good conscientious roguing program aided by selective 
milling is still the best short- range program for ma intaining high quality 
s tock seed. In addition to this program, it could be he lpful to closely obse r ve 
the progeny of a large number of s ingle plant selections in an attempt to develop 
a strain of a variety with a reduced mutation rate. This rate appears to vary 
considerably from one plant to another, and this type of varietal improvement 
could we ll be e ffective. There seems to be no apparent morphological dif-
ference in these plants. 
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Figure 2. Progeny pod types through each of three selfed generations from 
selected parent plant number four 
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Figure 4. Progeny pod types through each of three sel fed generations 
from selected parent plant number six 
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Figure 5. Progeny d f po types th rom selected rough each of parent plant three selfed number e ight generations 
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Figure 6. Progeny pod types through each of three selfed generations 
from selected parent plant number 15 
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Figure 7. Progeny pod types through each of fou r selfed generations 
from selected parent plants 39, 45, and 64 
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Figure 8. Progeny pod types through each of three selfed generations from 
selected parent plant number 4R 
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Figure 9. Progeny pod types through each of three selfed generations from 
selected parent plants 52 and 55 
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Figure 10. Progeny pod types through each of three selfed generations from 
selected parent plant number 71 
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Figure 11. Progeny pod types through each of three selfed generations from 
selected parent plant number 7 2 
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Figure 12. Progeny pod types through each of three selfed generations from 
selected parent plant number 7 6 (note three original pod types) 
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Figure 13. The effect of seed color on field emergence in 1967 
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Figure 14. The effect of pod ty pe on fie ld emergence in 1967 
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Comparison of the percent of dry mature pods and the percent 
of dry beans at harvest as influenced by pod type in 1967 a nd 
1968 
pods 
per 
plant 
I 
25 (23. 73) 
20 
15 
10 
1967 
(17. 57) 
~~--------.W~-
white dark 
seed colo r 
percent 
dry 
pods 
95 (9 2. 4 ) 
90 
85 
80 
75 
70 
65 
60 
55 
(82. 24) 
(75. 
(50 9) 
50 L-~U---____ _.LL 
white dark 
seed color 
beans 
per 
pod 
4.6 
4.2 
3. 8 
3.4 
3.0 
percent 
dry 
beans 
95 
90 
85 
80 
75 
70 
65 
60 
0 1968 
( 0 36) 
(3. 06) 
dark 
seed color 
( 3 08) 
55 
50 L----WL-----~-L 
Figure 16. The effect of seed color on several plants a nd yie lds 
characteristics in 1967 a nd 1968 
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Figure 17 . Comparison of maturity due to pod type . The row on the 
left is flat podded, while the row on the right is normal 
or crop . Both rows are of the var iety, White Seeded 
Tendercrop. 
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Figure 18. Closeup of two rows shown in F igure 17. The closest row is 
normal podded . Note the number of leaves still on the pla nts 
as compared to the fur ther row which is flat-podded . 
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Figure 19. Comparison of the number of pods per plant and the number of 
beans per pod as influenced by pod type in 1967 a nd 1968 
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Figure 20. The effect of seed color on field emergence in 1968 
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Figure 21. The e ffect of pod type on field emergence in 1968 
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